The monument buildings as components of cultural heritage are exposed to degradation of surfaces and chemical and mechanical degradation, often associated to soiling and irreversible deterioration of the building. In many conservative and restorative works, a cement-based mortar was used without knowing all the adverse effects of this material on the building. This paper deals with the study of the effects of natural cement used in restorative works in the particular case of the Basarabi-Murfatlar Churches Ensemble. Cement-based materials exposed to sulfate present in the chalk stone -gypsum (CaSO 4 .2H 2 O), can induce signs of deterioration, due to ettringite ([Ca 3 Al (OH) 6 ·12H 2 O] 2 ·(SO 4 ) 3 ·2H 2 O) or thaumasite (Ca 3 [Si(OH) 6 ·12H 2 O]·(CO 3 )·SO 4 ) formation. These phases contribute to strain within the material, inducing expansion, strength loss, spalling and severe degradation. Several combined techniques (XRD, EDXRF, ICP-AES, SEM, EDS, sulphates content, FT-IR and Raman analysis were carried out to put into evidence the effects of them on the building walls.
Introduction
For understanding deterioration and conservation of stone, especally those from arhitectural buildings heritage is absolutely necessary to know the structural, chemical and mineralogical composition of the roc and the mechanisms of stone degradation due to the external factors [1] .
Carbonate rocks have been widely used as building stones since ancient times, because they are soft, easy to process and cut, mainly due to their composition: various amounts of matrix, biogenic and nonbiogenic components. But, the most important negative aspect of these stones are their damages susceptibility, generally due to the increasing atmospheric pollution by acidic agents [2, 3] . Also, the carbonate rocks are characterized by various porosity and water absorption that affect their resistance to frost and salt-crystallization damage [4, 5] .
Limestone is known as a sedimentary carbonate rock, fine-grained and massive, without visible pores and lack of distinct bedding. Many of limestone buildings have been restored with concrete 1 To whom any correspondence should be addressed. mortars, and because after a short time after restoration they show visible damages, is imperious necessary to find the causes responsible for such processes. Concrete, is a versatile and robust building material, but due to its porosity is susceptible to potentially harmful agents, such as chlorides, sulphates, carbon dioxide, and other pollutants that determine the high decay rate and deterioration of concrete [6] . It has been used in many conservative and restorative works, mostly as cement-based material, but without knowing all the adverse effects of this material on the building. Cement-based materials exposed to sulfate present in the carbonateous stones (limestone) as gypsum (CaSO 4 These newly solid phases can lead to strain within the material, inducing expansion, strength loss, spalling and severe degradation of the wall building [7] [8] [9] .
Our study aimed to determine the influence in time of the cement-based mortars used to restoration procedures, and to show how these mortars are a continuous source for a deterioration process for the building walls, due to thaumasite and ettrungite formation. As a particular case, will be evaluated the effects of these cement-based mortars used in restorative works in the Basarabi-Murfatlar Churches Ensemble. Several analytic techniques (XRD, EDXRF, ICP-AES, SEM, sulphates content, FT-IR and Raman analysis) were carried out to put into evidence the effects of degradation on the building walls.
Materials and methods
As materials, has been used a small piese of chalk (B4) and a small piese of restoration mortar (BMR) both of them detached from the church and without patrimonial value.
X-ray diffraction analyses were performed using a Rigaku SmartLab equipment, operating at 45 kV and 200 mA, using Cu Kα radiation (1.54059 Ǻ), in parallel beam configuration, from 3 to 90 2θ degrees; the components were identified using the Rigaku Data Analysis Software PDXL 2 and available literature data.
The X-ray fluorescence was used to identify the elements in certain pigments, fillers. The determinations were carried out using an energy-dispersive spectrometer, EDXRF PW4025, Minipal 2 -PANalytical, with a Si-PIN detector.
Trace elements were quantified using ICP-AES (inductively coupled plasma-atomic emission) spectrometer Varian Liberty 110 Series. The samples were cut off from the original shreds and were finely powdered in an agate mortar. Multielement, matrix matched standards were used for the quantitative determinations. Microwave assisted digestions were performed in a Berghof microwave oven with the use of high-pressure closed Teflon PFA vessels and online pressure and temperature control.
Raman spectra have been obtained with a portable dual wavelength Raman analyzer IR -XANTUS 2 -RIGAKU, with the following parameters: Dual wavelength source 1064nm & 785nm, spectral range (cm-1) 200 -4000, Spectral Resolution (cm-1) 7 -10, Laser Output Power (mW) 400 -490, Laser Output Power (mW) 30 -490, cooled detectors -CCD and InGaAs. The paint cross sections were analyzed using Raman spectroscopy in order to identify pigments and fillers. The laser beam was focused on a diameter of about 25, 5 and 1.5-2 μm, respectively. Spectra were acquired using 10 s of signal collection time and five accumulations.
Light Optical Microscopy (LOM) has been recorded by using NOVEX microscope with a Leica EC3 camera under a magnification of 40x to 600x, to determine the matrix heterogeneity, particle size, color, shape and transparency.
Scanning electron microscopy (SEM) has been achieved with a SU-70 (manufacturer Hitachi, Japan) COUPLED ENERGY dispersive spectrometer (EDS) spectrometer wavelength dispersive (WDS). SEM magnification range of 30X-800.000X and the resolution accelerating voltage of 15 KV is 1 nm. The spectrometer EDS attached allows qualitative and quantitative analysis (from Be (Z = 4) to Pu (Z = 94)) on point, rectangle, circle or the freedom of choice, analysis and line type grid mapping X-ray solutions for overlapping peaks. WDS spectrometer attached allows qualitative and quantitative analysis (B (Z = 5) to Pu (Z = 94)). 
Results and discussions
As a first step of the samples identification procedures, the two samples were subjected to X-ray fluorescence analysis (figure 1). The two samples are dominated by calcium [10] . The main difference regarding the trace elements composition is the presence of aluminium and iron in higher amount in the wall filler than in the wall itself. Those results are confirmed by the ICP-AES analyses: for the wall samples, 350 ppm Al, and, respectively, 242 ppm Fe; for the wall filler samples, 575 ppm Al, and, respectively, 358 ppm Fe. WDS spectrometer attached to SEM equipment allows qualitative and quantitative analysis both of chalk sample and of restoration mortar, Figure 2 . There are visible the difference between both samples and the changes in the Al/Si ratio, which is resposible for thaumasite and ettringite identification, too.
The X-ray diffraction patterns ( figure 3 ) reveals that the mineralogical composition of the two samples is dominated by calcite (CC) and, in lesser extension, quartz (Q). A possible explanation for the differences observed by EDXRF and ICP-AES is the presence of traces of ettringite (E) and thaumasite (T) in the wall filler sample, concomitent with a decrease of calcite peaks. Thaumasite is a phase newly recognised in some sulphate-attacked building constructions. XRD [11] . Its crystal structure is most unusual in that it contains silicon atoms that are surrounded by an octahedron of OHions. This structure is closely related to that of ettringite, Ca 6 [Al(OH) 6 decomposed. Sulfate can be supplied from the chalk damaged surfaces, and carbonate can be supplied from atmospheric CO 2 or from limestone present in the concrete or mortar. The sulphate determination for chalk and mortar samples showed us higher concentration in mortar than in chalk sample, as follows: 0.87 % in chalk and 1.275 % in mortar. Both samples are affected by sulphate but in mortar the concentration is higher, this mortar becoming a dangereous damage factor for chalk.
By degradation, on the chalk surface no visible evidence could occurs, except effluorescence and small cracks, but on mortar large brown area could be observed most probably due to pyrite formation during degradation. Also, large smoothy deposits are present, with different structure, easy recognizible as thaumasite and probably ettringite, figure 4 . The chalk was found to be extensively deteriora in the stu The spectrum shows specific bands for CO 3 stretching at 1409-1426, 873 SO 4 stretching at 110 ( Fig. 6 ) displays characteristic bands of calcium carbon ted in both out-door and indoor environments died historical monument, showing flaking, subflorescence, efflorescences, crumbling and black and white crusts as a result of the deterioration phenomena [12] . The infrared spectroscopic analysis carried out on the sample prelevated from Basarabi Church allowed the identification of teh following products, as follows ( figure 6 ): Figure 5 . The FTIR spectra of chalk sample (---) and restoration mortar sample (___).
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2-9 and 1029 cm-1, band for Al-OH at 873 cm-1, SiO6 stretching at 798 and 476 cm-1, Ca-OH bending at 611 cm-1. These results are in good agreement with Perkins [13] , Alvarez-Ayuso et al. [14] , Myneni et al. [15] and Ciliberto et al. [16] .
Also, Raman spectrum of the same sample ate that correspond to the vibration modes of the free CO 3 2− ion, located at approximately 1078 cm −1 , recognized as the strongest feature in this spectrum [16, 17] . Thaumasite has three major peaks at 658, 990, 1076 cm -1 and three minor peaks at 417, 453, 479 cm -1 . Ettringite has major peaks at 990, 1088 cm -1 . Raman bands and assignments of ettringite are: 988 cm −1 (ν1 symmetric stretching of (SO 4 ), 448 cm −1 ( ν2 symmetric bending of (SO 4 ), 1119 cm −1 (ν3 asymmetric stretching of (SO 4 ), 612 cm −1 (ν4 asymmetric bending of (SO 4 ), 547 cm −1 (Al-OH stretching) in very good agreement with other literature data [18] . Is important to mention that the above Raman frequencies are not of gypsum (1009, 414, 493, 1136, 618, 670 cm -1 ). The presence of thaumasite and ettringite could be observed by SEM microscopy, these forms having shape of plaques (thaumasite-left image) and with some fluorish decorations (in mortar) for ettringite (right image), figure 7. Figure 7 . SEM images for chalk (left image) and restoration mortar (right image).
Conclusions
Cement-based materials exposed to sulfate present in the chalk stone -gypsum (CaSO 4 .2H 2 O), can induce signs of deterioration, due to ettringite ([Ca 3 Al (OH) 6 ·12H 2 O] 2 ·(SO 4 ) 3 ·2H 2 O) or thaumasite (Ca 3 [Si(OH) 6 ·12H 2 O]·(CO 3 )·SO 4 ) formation. These phases contribute to strain within the material, inducing severe degradation. Several combined techniques (XRD, EDXRF, ICP-AES, SEM, EDS, sulphates content, FT-IR and Raman) were carried out to put into evidence the effects of them on the building walls.
